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EXPERIMENTAL PYELONEPHRITIS
V. SUSCEPTIBILITY OF RATS TO HEMATOGENOUS PYELONEPHRITIS
FOLLOWING CHEMICAL INJURY OF THE KIDNEYSt
Renal infection rarely occurs following the intravenous injection of Gram-
negative bacilli into normal animals. If, however, the kidney has been
damaged by either direct trauma or ureteral ligation, an increased suscepti-
bility to infection can be demonstrated."' In this regard, studies have shown
that the location of the site of injury within the kidney is important in
determining alterations of host resistance. While multiple cortical lesions
did not predispose the kidney to hematogenous infection, a single medullary
scar resulted in anatomical and functional changes which permitted the
multiplication of bacteria and resultant infection in the involved segment
of tissue.'
This differential effect of localized injury suggested a study of several
chemicals which are known to damage particular segments of the nephron.
Mercuric chloride, which primarily causes necrosis of cells of the proximal
convoluted tubules:' and not the collecting tubules and a sulfonamide deriva-
tive, sodium N'-acetyl-sulfathiazole, which produces along with some corti-
cal damage obstruction of the collecting tubules by intraluminal crystalliza-
tion and precipitation"6 were administered to rats prior to bacterial injec-
tion. The results obtained indicate that while injury to the nephron exclud-
ing the collecting system did not affect susceptibility to hematogenous infec-
tion, intrarenal obstruction at the level of the larger collecting tubules did
have that effect.
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120Fic.. 1. Microscopic illustratioii of the effect of mercuric chloridle oni the rat kidniiey.
Observe the tortuous (lilated tubules, with severe degenierative clhaniges of tubular cells.
There is also initerstitial edlema anid round cell infiltrationi. (Hematoxylini-eosini x 170)FIG. 2. Gross appearance of an infected kidney in a rat which received sodium
N4-acetyl-sulfathiazole followed by the inoculation of E. coli. Observe the multiple
confluent abscesses mainly distributed at the lower pole. Cut section illustrates the
distribution of infection radiating from the papillary zone to both poles.
FIG. 3. Papillary zone of an infected kidney in a rat which received sodium
N'-acetyl-sulfathiazole followed by the inoculation of E. coli. Notice the dilatation of
collecting tubules; many of them packed with polymorphontuclear leukocy-tes. (Hema-
toxylin-eosin x 10)Experimental pyelonephritis I ROCHA, GUZE, BEESON
MATERIALS AND METHODS
Animals. White male Sprague-Dawley strain rats, weighing 200 to 300 gm. were used.
Production of renal damage. The mercuric chloride and the sodium N'-acetyl-
sulfathiazole were given in a dose and manner previously shown to produce consistent
renal damage in rats.49 Mercuric chloride was prepared in sterile distilled water so that
each 0.2 ml. contained 1 mg. of drug. A dose of 1 mg. was given intramuscularly every
day for four consecutive days. Sodium N'-acetyl-sulfathiazole was similarly prepared
under sterile conditions, the final concentration being 100 mg. per ml. A single intra-
peritoneal injection of 500 mg./kg. body weight was given.
Bacteria. The characteristics of the strain of E. coli used have been described in
detail elsewhere.' The bacteria were incubated in beef heart infusion broth at 370 C. for
four hours, and 0.5 ml. of a 4-hour culture was injected into the tail vein of each rat.
Ten-fold dilutions in nutrient broth were incubated in agar pour plates to enumerate
each inoculum. The average injection contained 150 to 200 millions of bacteria.
Removal of kidneys. Following pentobarbital anesthesia, the kidneys were removed
under sterile conditions. After macroscopic examination, they were placed in a "Ten
Broeck" grinder, or a tube of a "Precision" homogenizer and ground in 9 ml. of
nutrient broth until a smooth suspension was obtained. This represented the 10-'
dilution. Subsequent ten-fold dilutions were made in the same medium, and pour plates
were obtained from 10-1 and 10' dilutions. Plates were incubated for at least 48 hours,
and the number of colonies recorded. When the plate containing the greatest dilution had
too many colonies to be counted, the number was recorded as greater than 1,000.
EXPERIMENTAL
Susceptibility to infection after renal damage with mercuric chloride.
The 20 rats in this experiment received an intravenous inoculation of
E. coli one to two weeks after mercuric chloride administration and were
sacrificed one week later. Only one of the 40 kidneys had 10' bacteria, the
rest having from 0 to 108, which is the number to be expected in normal
kidneys one week after intravenous injection of this inoculum.' It seems
possible to conclude, then, that the kidney damage induced by mercuric
chloride does not enhance renal susceptibility to hematogenous infection.
Susceptibility to infection after renal damage iteh sodium N'-acetyl-
sulfathiazole. Bacteriological examination of the kidneys was performed
one week after the intravenous injection of E. coli into rats which had
received sodium N'-acetyl-sulfathiazole one to six weeks previously. As
indicated in Table 1, kidney damage with sodium N'-acetyl-sulfathiazole
does enhance the susceptibility to infection, but susceptibility rate decreases
as the time interval between kidney damage by the drug and bacterial
inoculation lengthens.
Persistence of infection. A group of 34 rats was given sodium N'-acetyl-
sulfathiazole and then one week later E. coli by the intravenous route. At
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intervals for six weeks after the inoculation, some of the animals were
sacrificed and bacteriological and pathological examinations of the kidneys
were performed. As indicated in Table 2, there is a tendency for spontane-
ous remission of the infection with time.
Testfor occurrence ofspontaneous infection. Mercuric chloride was given
to eight rats and was not followed by a bacterial inoculation. The rats
TABLE 1. INCIDENCE OF PYELONEPHRITIS RESULTING FROM INJECTION
OF E. COLI INTO RATS WITH RENAL DAMAGE CAUSED BY
SODIUM N4-ACETYL-SULFATHIAZOLE
Time No. animals
(weeks): No. animals infected2
2 12 10
4 9 5
6 10 2
'Interval between N4-acetyl-sulfathiazole administration and bacterial injection.
'Animals with more than 100,000 bacteria per kidney.
TABLE 2. PERSISTENCE OF PYELONEPHRITIS IN ANIMALS WITH RENAL
DAMAGE CAUSED BY SODIUM N4-ACETYL-SULFATHIAZOLE
Time No. animals
(weeks)' No. animals infected2
2 15 12
4 8 7
6 11 4
34 23
'Interval between bacterial injection and kidney examination.
'Animals with more than 100,000 bacteria per kidney.
were divided into two groups. One group was examined two weeks after
and the other, three weeks after the mercuric chloride injection. In all,
bacteriologic studies proved to be negative. Similarly, sodium N'-acetyl-
sulfathiazole was given to 21 rats, and was not followed by bacterial inocu-
lation. The time interval between the injections of the sulfonamide and
cultural and pathological examinations was one week in two rats, two
weeks in two, three weeks in four, four weeks in four, five weeks in five,
and six weeks in four. Cultures of the kidneys and the bladder urine were
sterile in every instance.
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Macroscopic and microscopic appearance of the kidneys. The grossg
appearance of kidneys after injury with mercuric chloride was one of
diffuse swelling, without evidence of infection. During the acute phase
of intoxication (one week) damage to the convoluted tubules was evident,
with some dilatation, interstitial edema, round cell infiltration, and tubular
cell destruction (Fig. 1). The collecting system was usually not affected.
The presence of infection in rats which received sodium N'-acetyl-sulfa-
thiazole followed by intravenous inoculation of E. coli could not always be
determined by simple inspection. In both control and inoculated animals
the surfaces of the kidneys were sprinkled with many small, white, slightly
raised spots suggesting infection, but, in actuality, these were deposits of
the sulfonamide. However, in certain cases clusters of yellow, slightly
raised areas of purulent exudate, occasionally coalescent, were visible be-
neath the capsule. In those cases, as seen in Figure 2, infection could be
recognized macroscopically. When the animal was sacrificed three to six
weeks after E. coli administration, the kidneys appeared small in size and
heavily scarred. The histological appearance of the kidneys of rats which
received only sodium N'-acetyl-sulfathiazole has been described elsewhere.'
In some instances of infection, there was a much larger degree of kidney
destruction than that produced by the sulfonamide alone. In those instances,
there were diffusely scattered abscesses and collections of polymorphonu-
clear leukocytes both within and surrounding the dilated tubules (Fig. 3).
DISCUSSION
There seems to be a significant difference between the susceptibility of
rats to pyelonephritis after kidney damage with sodium N'-acetyl-sulfa-
thiazole and that following administration of mercuric chloride. The
reasons for this difference are probably multiple, but we believe one of
them is the difference in site of kidney damage produced by these two
drugs. In the dosage used here damage caused by mercuric chloride is
confined to the convoluted tubules of the cortical zone, and no remarkable
alteration could be detected at the medullary zone. On the other hand,
sodium N'-acetyl-sulfathiazole was found to deposit in the collecting
tubules, in the medulla and papilla, with the result that. there was a con-
siderable degree of intrarenal obstruction throughout the extent of the
tubule. Mechanical injury of this area has already been shown to enhance
susceptibility to infection. The results obtained in these experiments in
rats seem to agree with those previously obtained by thermal injury of
the kidneys of rabbits.8
Animals given the sulfonamide did not develop infection spontaneously.
It seems possible that the descriptions of 'pyelonephritis' secondary to the
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use of sulfonamides as reported by other investigators8' were based only
on the observations of an inflammatory reaction noted in the kidneys of
those animals. However, the presence of inflammatory cells does not neces-
sarily mean infection. In this study no bacterial growth was demonstrable
in 21 animals examined at varying intervals up to six weeks after the ad-
ministration of the sulfonamide.
SUMMARY
After rats were given mercuric chloride, kidney lesions developed which
were confined primarily to the cortical zone. Animals with this form of
renal injury did not exhibit increased susceptibility to infection following
intravenous administration of E. coli. In contrast, the renal lesion sec-
ondary to sodium N'-acetyl-sulfathiazole, which is mainly in the collecting
tubules, and which results in intrarenal obstruction, was found to enhance
susceptibility to this kind of infection. The location of the damage appears
to be an important factor.
Spontaneous infection did not tend to develop in the kidneys of animals
treated with the sulfonamide compound alone. The histology of these kid-
neys was compatible with the diagnosis of pyelonephritis despite the inabil-
ity to demonstrate bacterial infection. One must conclude therefore that
all histological pyelonephritis need not result from bacterial infection. The
suggestion is offered that previous descriptions of 'pyelonephritis' follow-
ing this treatment were justified only by the demonstration of cellular
infiltrates.
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